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LLJi 



WHAT IS CLAIMED IS: 



1» An op-tical element comprising: an object-side 
imaging element for imaging an object on an 
intermediate image plane in an opt/ical path; and an 
image-side imaging element for r^maging an object 
image formed on the intermediate/ image plane, on a 
final image plane, wherein at least one of said object- 
side imaging element and said image-side imaging 
element comprises an of f -axial /curved surface, and 
10 wherein aberration is generated by both of the object- 
side imaging element and the image- side imaging 
element, so as to flatten ( di/sturbance of) a light 
intensity distribution on the final image plane, caused 
by a noise source at or neaij the intermediate image 
15 plane. 



2. An optical elejnent in which an object image is 
formed on an intermedia-qe image plane by reflecting a 
light incident from an oAject through an entrance plane 

20 by at least one reflectivA surface of a plurality of 
reflective surfaces and in\which a light from the 
object image is reflected wT^'^^^ remaining reflective 
surface or surfaces of sai>dp3^urality of reflective 
surfaces to be made emergent )f rom an exit plane and to 

25 be directed onto a predetermiried plane, wherein at 
least one of an object -side imaging element ranging 
from the entrance plane to the intermediate image plane 
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and an image- side imaging element ranging from the 
intermediate image plane to the exit plane comprises an 
off-axial curved surface and wherein aberration is 
generated by both of said object-side imaging element 
and said image- side imading element, so as to flatten a 
light intensity distribution produced on the 
predetermined plane by a 1 noise source at or near the 
intermediate image plane J 

3. An optical elemeikt in which an object image is 
formed on an intermediate limage plane by reflecting a 
light incident from an objject through an entrance 
surface provided in a sui^^ce of a transparent body by 
at least one reflective ^u^face of a plurality of 
reflective surfaces prov^^d^^n ( thej^^rf ace of ] the 



transparent body and in whifch a light from the object 
image is reflected by the remaining reflective surface 
or surfaces of said plurality of reflective surfaces to 



be made emergent from an exi* surface provide 



surface of \ the transparent boay and to be di 




onto 



a predetermined plane, wherein at least one of an 
object-side imaging element present from the entrance 
surface to the intermediate inmge plane and an image- 
side imaging element present from the intermediate 
image plane to the exit surface comprises an off-axial 
curved surface and wherein aberpation is generated by 
both of said object-side imaging element and said 
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Image-side imaging element, so as "to flatten a light 
intensity dii?btribution produced on the predetermined 
plane by a (ittfise source at or near the intermediate 
image plane 



4. An optical element accordir|g to Claim 1, 2/ or 
3, wherein said aberration is generated so as to 
degrade imaging performance of said object-side imaging 
element and so as to correct the i/naging performance 

10 thus degraded, by said image- side/ imaging element. 

5. An optical element accoprding to Claim 2 or 3, 
wherein said off -axial curved surface is provided in at 
least one reflective surface oi/t of said plurality of 

15 reflective surfaces, 

6. An optical element dbcording to ^Sfee^one of 

3 

Claims 1 to wherein said optical element has a stop, 
and wherein the following relation is satisfied: 
20 V/ I pill < U 

.where pil is an image magrVif ication of said image-side 
imaging element, V a spot/ size on the final image plane 
at a fixed aperture diameter of said stop, and U a spot 
size on said intermediatgs image plane. 



7. An optical element yo^cording to e j thor ^Jpne of 
Claims 1 ^og^, wherein saidffToB^ical element has a stop. 
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and wherein the following relation is satisfied: 
3-V/lplll < U 

where pil is an image magnification of said image^side 
imaging element, V a spot size on the final image plane 



at a fixed aperture diameter o^ said stop, and U a spot 
size on said intermediate image plane • 



8. An optical element dc&ording to OsL^fehe g^ne of 
Claims 1 to/^, wherein said g^ical element has a stop, 
10 and wherein the following relation is satisfied: 

5^V/| pil I < U 

where pil is an image magnification of said image-side 
imaging element, V a spot size on the final image plane 
at a fixed aperture diameter pf said stop, and U a spot 
15 size on said intermediate image plane. 



20 



9. An optical e^Lement according to Claim 4, 
wherein degradation ^f the imaging performance of said 
object-^^de Jlmagin&^teLfement is achieved by generating 
irratiOTy3Jiaependen of a field angle from 
on th4>^xis Ntd offi/the axis. 



25 



10. An optical element according to Claim 9, 
wherein said speqific aberration is on-axis 
astigmatism . 



11. An opfcical element according to Claim 9, 
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wherein degradatiom of the imaging performance of said 
object-side imaging! element is achieved by suchv__ 
aberration of torsiqnj that rays in a meridional section 
jump out of the meridional section, which is generated 
independent of the f^eld angle from on the axis to off 
the axis. 




10 



12. An optical felement according to Claim 9 
^ar, wherein a diameteil of a spot near said intermediate 
image plane is two or more times a minimum diameter of 
said noise source posing a problem even when the system 
is at a minimum aperture value. 



13. An optical element according to Claim 9 



15 fi^ wherein a diameter of a 
image plane is three or mo 
of said noise source posi 



system is at a minimum aperture value. 




pot near said intermediate 
■imes a minimum diameter 
problem even when the 
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14. An optical Element according to Claim 9 (sf^ 
wherein a diameter\jof a spot near said intermediate 

image plane is three /oii mor^ times a minimum diameter 
of said noise source pt>^fl!hg a problem when the system 
is at a full aperture. 

15. An optical element J«3Cording to Claim 9 
wherein a diameter of a sgpt near said intermediate 
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image plane is five or more -times a minimum diameter of 
said noise source posing a proljlem when the system is 
at a full aperture. 



10 
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16. An optical element afccording to e^Ssr/^ne oj 
Claims 1 tOA^, said optical element being constructed 

r I 

in a structure in which a focal length thereof is 



invariant . 



17. An optical elementy|c^ccording to ^4^fae3f/\Qne of 
3 

Claims 1 to /S^, wherein at j|east one of said object- 



side imaging element and i 
surface having anamorphic 



18. An optical element 
3 

Claims 1 tOK^, wherein at least one of said object- 




1 



-sS-de image element has a 



according to e^*fefe@3rXone of 



side imaging element and image-side imaging element is 
comprised of an optical system having no common 
symmetry plane. j 



19. An optical elementl according to ^abfee-i^one of 
Claims 1 to"^^, wherein at iLast one of said object- 
side imaging element and image- side imaging element 
comprises a surface with no symmetry at all. 



20. An optical apparatus wherein said object is 
imaged on a photoreceptive surface of an image pickup 
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device by use of the optical ^lement as set forth in 
Q- U^bc^ iTone of Claims 1 t:Oj^l 

21. An optical apparatus comprising at least two 
optical elements as set foribh in e^sfefeeryyone of Claims 1 
to , wherein relative positions are changed between 
said at least two optical elements, whereby the object 
is imaged at different magnifications on an image 
pickup device. | 



10 



15 



22. An optical \ apparatus according to Claim 20 
2^, wherein a stop is\ provided near the entrance 
surface of said optical element and wherein the 
following relation is patisfied: 

10*b/|pil| < SD \ ^"^^ 

iter on said intermediate image 
limum resolution given by a 



where SD is a spot di^ 
plane, b /a length of 

size of a pixel of said llmage pickup device /Wien said 



20 



magnification of said image-side imaging element. 



stop is at a minimum aperture value, and 



image 



1/ 



25 



23. An optical apparatus according to Claim 20 -©a?- 
wherein a stop is provided near the entrance 
surface of said optical ele'nfent and wherein the 
following relation is sati|s|fied: 

15'b/|pil| < SD 
where SD is a spot diameteri on said intermediate image 
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plane, b a length of a minimmm resolution given by a 
size of a pixel of said imageJpickup device when said 
stop is at a minimum apertu^g/value, and pil an image 
magnification of said image-fside imaging element. 



1 



24. An optical apparatus according to Claim 20 
wherein a stop is provided near the entrance 
surface of said optical /element and wherein the 
following relation is gatisfied: 

15 -b/ I pll I < SD 
where SDt^s a spot d^q^eter on said intermediate image 
plane, ^^^^^ length of '^^A^inimum resolution given by a 
size of a pixel of safLd image pickup device when said 
stop is at a full apArture value, and pl^^^^a^ image 
magnification of saiM image-side imaging element. 



25. An optical apparatus acfcording to Claim 20 
wherein a stop is provided near the entrance 
surface of said optical element ^nd wherein the 
following relation is satisfiedj 

25^b/|pil| < SD 

where SD is a spot diameter on* said intermediate image 

plane, b a length of a minimum |Lesolution given by a 

size of a pixel of said image pickup device when said 

/ 

stop is at a full aperture value, and pil an image 
magnification of said image-side imaging element. 




m 
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26 • An optical apparatus /according to Claim 21, 
wherein change of the relativeraositions between said 
at least two optical elements lira) achieved by displacing 
at least one of said optical— figments in a direction of 
5 a reference axis . 

27. An optical system comprising: an object-side 

/ I imaging element for once imaging/ an object on an 

J intermediate image plane in an ^ptical path; and an 

'J^l^ 10 image-side imaging element for /reimaging an object 

nJ^ image formed on the intermediate image plane, on a 

O final image plane, wherein at/ least one of said object- 

M side imaging element and said image- side imaging 

Q} element comprises an off -axial curved surface, and 

- J; / 

15 wherein aberration is generated by both of the object- 

. / ' 

[_g: side imaging element and tne image- side imaging 

g- / . 

element, so as to flatten of a light intensity 

distribution on the final/image plane, caused by a 

noise source at or nearstaie intermediate image plane. 



20 
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28. An optical system according to Claim 27, 
wherein said off-axial curved surface is comprised of a 
reflective surface . 




29. An optical system| according to Claim 27 or 
28, wherein said aberration! is generated so as to 
degrade imaging performanc^ of said object- side imaging 



10 
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element and so as to correct -^tie imaging performance 
thus degraded, by said image-side imaging element. 

30. An optical system according to either one of 
Claims 27 to r wherein said optical system has a 
stop, and wherein the following relation is satisfied: 

V/ I pill < U 

where pil is an image magnification of said image-side 

I 

imaging element, V a spot siz^ on the final image plane 
at a fixed aperture diameter o^said stop, and U a spot 



size on said intermediate ±mi 



15 



20 
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31. An optical system jbcbording to either one of 
IT I 
Claims 27 to/)^, wherein said pptical system has a 

stop, and wherein the following relation is satisfied: 
3'V/|pll| < U I 

where pll is an image magnification of said image-side 

I 

imaging element, V a spot size on the final image plane 

■ J 

at a fixed aperture diameter of said stop, and U a spot 

1 

size on said intermediate image plane. 



32. An optical system aiccording to either one of 
Claims 27 to ^2a^, wherein said optical system has a 

T f 

stop, and wherein the following relation is satisfied: 
5*V/|pll| < U 

where pil is an image magnification of said image-side 

I 

imaging element, V a spot si|;e on the final image plane 
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at a fixed aperture diameter of paid stop, and U a spot 
size on said intermediate image /plane. 



10 
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33. An optical system according to Claim 29, 
wherein degradation of the imaging performance of said 



object-side imaging element is 
specific aberration independen-6 
on the axis to off the axis. 



achieved by generating 
of a field angle from 



34. An optical system according to Claim 33, 
wherein said specific aberrati^rtf 
astigmatism. 




on-axis 



20 



35. An optical system according to Claim 33, 

wherein degradation of the imaging performance of said 

I 

object-side imaging element isj achieved by such 
aberration of torsion that rays in a meridional section 
jump out of the meridional section, which is generated 
independent of the field angle from on the axis to off 
the axis. 



25 



36. An optical system according to Claim 33 



3»S^ wherein a diameter of a spot near said intermediate 



.1 



image plane is two or more talmes a minimum diameter of 
said noise source posing a problem even when the system 
is at a minimum aperture vali|e. 
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37. An optical system according to Claim 33 
3^ wherein a diameter of a spot near said intermediate 
image plane is three or more times a minimum diameter 



of said noise source posing a problem even when the 
5 system is at a minimum apertur^ value. 

38. An optical system according to Claim 33 

y i 
h( wherein a diameter of a spot near said intermediate 

image plane is three or more tiimes a minimum diameter 

10 of said noise source posing a pif&blem when the system 

is at a full aperture.. 




39 . An optical system acde^rding to Claim 33 ^ 
wherein a diameter of a spot near said intermediate 

1 

15 image plane is five or more times a minimum diameter of 

said noise source posing a problem when the system is 
at a full aperture. 



40. An optical system according to js^^rJone of 

2^ I ) 

20 Claims 27 tO/^, said optical system being a unifocal 

system in which a focal lengthf thereof is invariant. 

AM . 

41. An optical system according to ©i-fehe^ one of 

I 

Claims 27 X,Ofs^, wherein at least one of said object- 

-side imaging element has 



25 side imaging element and image 

a surface having anamorphic pak^ers. 



# 



- 127 - 



10 



42 . An optical system according to either one of 
Claims 27 to /^^^, wherein at leagt one of said object- 
side imaging element and image-ji^e imaging element is 
comprised of an optical system Msl^^^q no common 
sy mme t r y p 1 ane . 



43 . An optical system according to either one of 

if I 

Claims 27 to/^, wherein at least one of said object- 
side imaging element and image-jside imaging element 
comprises a surface with no symmetry at all. 




44. An optical apparatus wherein said object is 
imaged on a photoreceptive suryace of an image pickup 
device by use of the optical ^stem as set forth in 
either one of Claims 27 tO/ 





20 
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45. An optical apparatus comprising at least one 

optical system selected from those as set forth in 

^ I 
Claims 27 to/N^:, wherein at i§^st one of a focal 

length, an image magnif ica-lSjyQn4^--^nd a focus on the 

final image plane is varia 



46. An optical apparatus according to Claim 44 




wherein a stop is provided near the entrance 



I. 



surface of said optical system and wherein the 



following relation is satisfied: 
lO.b/ipm < SD 



- 128 - 



10 



15 



20 



25 



where SD is a spot diameter on said intermediate image 
plane, b a length of a minimum resolution given by a 



size of a pixel of said image 
stop is at a minimum aperture 



pickup device when said 
value, and pil an image 



magnification of said image-side imaging element. 



47. An optical apparatus according to Claim 44 
4^ wherein a stop is provided near the entrance 



surface of said optical system and wherein the 
following relation is satisfy 

15-b/|pll| < SD 
where SD is a spot diameter 




aid intermediate image 
plane, b a length of a minimum resolution given by a 

i • . 

size of a pixel of said image pickup device when said 

I 

stop is at a minimum aperture value, and pil an image 
magnification of said image Jside imaging element. 

I 

48. An optical apparatius according to Claim 44 

i 

*S7 wherein a stop is provided near the entrance 



surface of said optical system and wherein the 

I 

following relation is satisfied: 

15*b/|pil| < SD 
where SD is a spot diameter! on said intermediate image 
plane, b a length of a minimum resolution given by a 
size of a pixel of said image pickup device when said 

I 

stop is at a full aperture yalue, and pil an image 
magnification of said image\side imaging element. 
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49. An optical apparatus according to Claim 44 
wherein a stop is provided n<iar the entrance 
surface of said optical system a; id wherein the 
following relation is satisfied: 

25*b/|pil| < SD 

where SD is a spot diameter on s^id intermediate image 

1 

plane, b a length of a minimum resolution given by a 
size of a pixel of said image pi'ckup device when said 



stop is at a full aperture value, and pil an image 

J 

magnification of said image- side^maging element. 




50. An optical apparatui^ §^cor43.ng to Claim 45, 
wherein change of relative poi^tions' between said at 
least two optical systems or b^ween the optical system 
and the image plane is achievedj by displacing at least 
one of said optical system and the image plane in a 
direction of a reference axis< 



51. An optical apparatus jaccording to Claim 45, 

f 

wherein change of at least one of said focal length, 
image magnification, and focus |on the final image 
plane, of said optical system, lis achieved by changing 

a distance of a certain portion of the optical system 

I 

relative to the final image plane along a reference 
axis . 



52. An optical system ac|;ording to Claim 33 ea? 
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said optical system being a reflecting optical 
system wherein the light from thfe object is made 
incident through an entrance suijface formed in a 
surface of a transparent body thereinto, light 
propagating inside said transparent body is reflected 
by one or more reflective surfa<2es comprised of curved 
surfaces provided in said transparent body, and the 

1 

light is made emergent from an exit surface of the 



transparent body to form an image, or a reflecting 
optical system wherein the lighj^^p^oja the object is 




ve surfaces 
thereafter the 



reflected by a plurality of r 
comprised of reflective mirro 
light is emergent therefrom. j 



53. An optical system according to Claim 52, said 

I 

optical system being an optical element integrally 
formed. 



54. An optical system according to Claim 52, said 
optical system comprising a pljurality of optical 
elements integrally formed. 



25 



55. An optical system according to ri th rr nnn -n f 

I 

Claim^ 52 t^^^r, wherein the following condition is 
satisfied: 
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where D is a size of a bubble,! a dust particle, or the 
like posing a problem in termsl of optical performance 
and existing inside said optical element or a width of 
a flaw or a size of a deposit or the like posing a 
problem in terms of optical performance and existing on 
a reflective surface near the Jintermediate image 
position, fl is a maximum synthetic focal length out of 

I 

those dependent upon azimuths! of a region from the 

i 

entrance surface located nearest to the object to an 

I 

optical surface before the intermediate image position, 
an azimuth at that time being/|lef ined as ^, S is an on- 
axis astigmatic difference aJj/^hp intermediate image 
position, and ARl is a diamJfe'er/ of an exit pupil from 
the entrance surface neares^/|to the object to the 
optical surface before said intermediate image position 
in correspondence to said azimuth ^ and at a full 
aperture of the stop. 



56. An optical system according to ej :*fehQ Tr-= 



Claim^ 52 ^fea^^, said optical system having a function 



to adjust an aperture diameter of the stop, wherein the 

I " 

following condition is satisfied: 



D-f 1 



S'AR2 



<0 . 3 



where D is a size of a bubble, a dust particle, or the 

1 

like posing a problem in terms of optical performance 
and existing inside said optical element or a width of 
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a flaw or a size of a deposit or the like posing a 
problem in terms of optical performance and existing on 
a reflective surface near the intermediate image 
position, fl is a maximum synthetic focal length out of 
those dependent upon azimuths, of a region from the 
entrance surface located nearest to the object to an 
optical surface before the intermediate image position, 
an azimuth at that time being defined as ^, S is an on- 
axis astigmatic difference at the intermediate image 

I 

position, and AR2 is a diameter of an exit pupil from 



the entrance surface nearest to the object to the 

L 

optical surface before said injrarmediate image position 



in correspondence to said az^^ 
aperture of the stop. 




5 and at a smal 1 



57, An optical system according to e xthog^-ono-^e sE- 

I, 

Claim^ 52 -fe^^^-, wherein the following condition xs 
satisfied: 



5b*fl 



IPI'S-ARl 



<0 . 1 



where f 1 is a maximum synthetic focal length out of 
those dependent on azimuths, |of a region from the 
entrance surface of said optical system nearest to the 
object to an optical surf acej before the intermediate 
image position, an azimuth a|t that time being defined 
as 5, S is an on-axis astigmatic difference at the 
intermediate image position ,| b is a length of a minimum 



# • 
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15 



resolution given by a size of a 
pickup device or the like, p is 



pixel of an image 

an image magnification 



when the intermediate image plane is imaged on the 
final image plane, in a direction normal to the azimuth 
^ in the optical system of from the intermediate image 
position to the final image position on which the image 
pickup device is located, and ARa is a diameter of an 



exit pupil of the region from thje entrance surface 
nearest to the object to the optical surface before the 



intermediate image position in correspondence to said 



azimuth ^ and at a full apertur- 




he stop . 



58, An optical system according to earthxir:— one -o f 
Claimj^ 52 -feessS^^, said optical sy|Stem having a function 
to adjust an aperture diameter, yzherein the following 
condition is satisfied: 



5b -fl 



IPI-S-AR2 



<0! 3 



20 



25 



where fl is a maximum synthetic focal length out of 

I 

those dependent on azimuths, of a region from the 
entrance surface of said optical jsystem nearest to the 
object to an optical surface before the intermediate 
imaging position, an azimuth at that time being defined 



as ^, S is an on-axis astigmatic 
intermediate image position, b is 



difference at the 
a length of a minimum 



resolution given by a size of a p^xel of an image 
pickup device or the like, p is an image magnification 
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when the intermediate image plane 
final image plane, in a direction 



is imaged on the 
normal to the azimuth 



^ in the optical system of from 1|ie intermediate image 

position to the final image position on which the image 

pickup device is located, and AR2 is a diameter of an 

exit pupil of the region from the entrance surface 

nearest to the object to the optical surface before the 

I 

intermediate image position in correspondence to said 
azimuth ^ and at a small aperture of the stop. 



59. An optical system accc^Jr^ng^ to oithnr .o.fvp^^^ 
Claim^fl 52 wherein the entrance' surface of the 



optical element being said trarispar^t body is a 

Ti/ 

rotationally symmetric surface.^ 



60. An optical system according to e i ,t he£=Qia>o-*Oj § 

j 

Claim^ 52 *©=&8, wherein the entrance surface of the 
optical element being said transparent body is a 
rotationally asymmetric surface, 

61. An optical system according to oithnr onn nf 



Claim/I 52 -fee^&G, wherein the stop is disposed near the 

f 

entrance surface nearest to the object in said optical 
system. 



62. An optical system according to g^^*^*=^=tf>^ -one- o f 
ClaimjS 52 te^dr, wherein the reflective surface of a 
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curved surface, which is the first surface when counted 
from the object side of said op^tical system, has 
converging action . 



63. An optical system according to efct te a ^^ ss on c ^o ^ 

Claim^ 52 i;©s&27 wherein the e'xit surface of the 

optical element being said transparent body has a 

I 

rotationally symmetric shape with respect to a 
reference axis . 



64, 



An optical system 



Claim^ 52 to— wherein the^ 
optical element being said t 
rotationally asymmetric shape/ 




ing to cithor uiie 
surface of the 



ransparent body has a 
with respect to a 



reference axi s . 



65. A reflecting optical system according to 

I 

oithOi. uiW -^Claim^ 52 -t©Sfe4> wherein said optical 



element is arranged to move in parallel to a direction 

I 

of a reference axis emerging therefrom, thereby 
achieving focusing . 



66. An optical system according to e:i=tte3 



3;3aTi:ms--^iA. to^ 5 , said optical! system being a reflection 



25 



type zoom optical system wherein the object is imaged 
through a plurality of optical elements and zooming is 
achieved by changing relative] positions of at least two 



- 136 - 

optical elements out of said plurality of optical 
elements . 

67. An image pickup app^^datus having the optical 
system as set forth in eddb^SqKp^^=^^ Claim^ 52 ^o^fefr y 
wherein said object is imacjgd op, an image pickup 
surface . 



68. An observation optical system having the 
optical system as set forth! in oi thnr^nrrtC!:^^ Claim|$ 52 



